Four triterpenoid saponins (1-4) were isolated from the aerial parts of Trifolium argutum Sol. (sharptooth clover) and their structures were elucidated by comprehensive spectroscopic analysis, including 1D and 2D NMR techniques, mass spectrometry and chemical methods. Two of them are new compounds,
Introduction
Clover genus (Trifolium L.) is one of the largest genera in the family of Leguminosae (Fabaceae) with approximately 250 species. They are widely grown as livestock forage and green manure crops and at least 16 species are actively cultivated (Ellison et al., 2006) . One of them is sharp-tooth clover, Trifolium argutum Sol. an annual herb plant distributed in Europe, Middle East, Australia and Egypt (Bisby et al., 1994) , from which scarce phytochemical information is available in the literature. The occurrence of triterpenoid saponins among Trifolium species have extensively been documented (Jurzysta et al., 1989; Sakamoto et al., 1992; Mohamed et al., 1995; Simonet et al., 1999; Oleszek and Stochmal, 2002; Pawelec et al., 2013; Pérez et al., 2013b) . Saponins in these plants are a mixture of triterpenoid pentacyclic glycosides which are often derivatives of soyasapogenol A, B, C and E., having hydroxymethyl group at C-24 and double bond between C-12 and C-13 as a common feature. The sugar portion consists of one or three units, where b-D-glucuronic acid is linked at C-3 position of the aglycone moiety. Despite the wide range of pharmacological properties attributed to triterpenoid saponins, they have also been described for their detrimental effects over the plant growth when releasing into the soil (Marchaim et al., 1974; Oleszek et al., 1992; Oleszek, 1993) . Triterpenoid saponins have recently been investigated for their phytotoxic activity (Hernández et al., 2011; Scognamiglio et al., 2012) . This paper reports the isolation and structure elucidation of two new triterpenoid saponins (1, 2), along with two known analogs (3, 4) from T. argutum Sol. aerial parts, and their phytotoxic evaluation against the germination and development of four standard target species (STS).
Results and discussion

Characterization of the compounds
Dried aerial parts of T. argutum were extracted exhaustively with 70% EtOH. The hydroalcoholic extract was partitioned in nBuOH/H 2 O and the organic phase was subjected to chromatographic fractionation using reverse-phase RP-18 on a gradient of Me 2 CO/H 2 O and other multiple separation procedures to give two new triterpenoid saponins (1 and 2) and two known analogs: 3-O-b-D-glucuronopyranosyl melilotigenin (caraganin B) (3) (Zheng et al., 2013) (Kitagawa et al., 1988) (Fig. 1) (Gülcemal et al., 2013 C NMR spectrum were found at d 180.4 and 218.5, which were assigned as being due to a carboxylic group at C-29 and a keto group at C-22, respectively (Table 1) . Therefore, the structure of the aglycone moiety of 1 was recognized to be 3b,24-dihydroxyolean-12-ene-22-oxo-29-oic acid, which is known as melilotigenin and its NMR assignments were in good agreement with those previously reported (Kang and Woo, 1988; Takeshita et al., 1991; Zheng et al., 2013) . Melilotigenin has previously been identified as its methyl ester artifact in Trifolium repens (Sakamoto et al., 1992) , however to the best of our the rhamnose unit were established after acid hydrolysis of 1, followed by derivatization of sugars and UPLC-UV-SRM/MS analysis (Tanaka et al., 2007; Pérez et al., 2014) . Based on the evidence outlined above, the structure of 1 was elucidated as 3 
Phytotoxic activity
Phytotoxicity of the isolated compounds were tested at concentrations of 333, 100, 33, 10, 3.3 and 1 mM, using L. sativa (lettuce), L. esculentum (tomato), L. sativum (cress) and A. cepa (onion) as STS (Macías et al., 2000) . The germination and shoot developed of STS were in general not affected, while inhibitory effects on the root growth were observed (Fig. 2) . However, such inhibition over L. sativum and A. cepa were much lower than those of Logran 1 (positive control), where a dose-dependent response
were not observed and consequently IC 50 values could not be determined. Similar results were observed on the other two STS (L. sativa and L. esculentum), except for compound 1 (Fig. 2) . It showed the most significant activity with IC 50 = 254.1 mM on lettuce, lower than that of Logran 1 (492.6 mM). The roots of tomato, however, were less affected by compound 1 (IC 50 = 268.0 mM) than by Logran 1 (IC 50 = 42.1 mM). This may be due to different sensitivities of both STS. Taking into account this and the common features between the chemical structures of 1 and the rest of tested compounds, the structure-activity relationship is discussed. Soyasaponin-I (4) has the same sugar chain as compound 1, but their aglycones are slightly different. However, compound 4 showed weaker inhibitory profile (Fig. 2) , which highlights that the lack of a carboxylic group at C-29 or the hydrogenation of the carbonyl group at C-22 of the aglycone moiety cause a detrimental effect over the phytotoxicity of 4. It seems that these functional groups in the aglycone moiety are not sufficient to cause phytotoxicity in saponins, but the sugar part appears to be important as well. Compounds 2 and 3 possess the same aglycone moiety as 1, but their glycosidic portions consist of two sugar units and one sugar unit, respectively. The weaker inhibition profiles of compounds 2 and 3 compared to 1 (Fig. 2) , clearly indicate that longer glycosidic chain linked at C-3 position enhance the activity. These results indicate that phytotoxicity of triterpenoid saponins may be substantially heightened by small changes in their structures (aglycone or glycosidic chain), which could make them potential allelopathic agents. H NMR data for the sugar units of compounds 1 and 2 (500 MHz). 
Material and methods
General experimental procedures
Optical rotations were measured on a PerkinElmer 241 polarimeter (589 nm, 20 C). 1D and 2D NMR spectra were recorded on a Bruker Avance III HD Ascend TM -500 spectrometer 
Plant material
Seeds of authenticated material of T. argutum Sol. were provided by the Genebank department of Leibniz Institute of Plant Genetics and Crop Plant Research (IPK, Gatersleben, Germany). Seeds were planted (1 m Â 1 m plots) in an experimental field of the Institute of Soil Science and Plant Cultivation in Puławy, Poland. The plants were harvested at the beginning of flowering, lyophilized, finely powdered, and used for the subsequent extraction.
Extraction and isolation
The dried and finely powdered T. argutum aerial parts (leaves, stems and flowers, 50 g) were defatted with CHCl 3 in a Soxhlet apparatus. Defatted material was then extracted three times with EtOH/H 2 O (7:3, v/v) for 48 h by maceration at room temperature. The solvent was removed under reduced pressure and the residue (7.6 g) was suspended in distilled water and extracted with watersaturated n-BuOH. After removing the solvent, 2.8 g of butanolic extract were applied onto a 10 cm Â 6 cm, 40-63 mm LiChroprep RP-18 glass column (Merck, Darmstadt, Germany), previously conditioned with water. The column was washed first with water and then gradually eluted with increasing concentration of Me 2 CO in H 2 O (20, 40, 60 and 80%, each 250 mL) to give four fractions. Saponins were eluted in Fr-2 (408.8 mg) and . Fr-2 was applied onto a 40 cm Â 3.2 cm glass column (Millipore Corp., Bedford, MA) packed with Sephadex LH-20 (Sigma-Aldrich, Steinheim, Germany) and performed with isocratic MeOH/H 2 O (8:2, v/v) at a flow rate of 2 mL/min. Ten milliliter fractions were collected and checked by TLC on Si 60 F 254 silicagel (Merck, Darmstadt, Germany), developed with EtOAc/HOAc/H 2 O (7:2:2).
Plates were sprayed with Liebermann-Burchard reagent and heated at 130 C. Fractions with similar profiles were combined to give two further fractions, of which Fr-2-1 contained two major saponins. This fraction was subjected to semi-preparative HPLC using a linear gradient from 25% to 50% of solvent B (MeCN containing 0.2% HCO 2 H) in solvent A (H 2 O containing 0.2% HCO 2 H) mobile phase with a flow of 3 mL/min and 35 C, yielding compounds 1 (7.8 mg) and 2 (5.1 mg) (Fig. 1) . Fractionation of Fr-3 on Sephadex LH-20 and semi-preparative HPLC under the same conditions as described above, gave compounds 3 (3.7 mg) (Zheng et al., 2013) and 4 (10.2 mg) (Kitagawa et al., 1988) (Fig. 1) . 
For 1 H and 13 C NMR data see Tables 1 and 2 . Tables 1 and   2 .
Acid hydrolysis
Compounds 1 and 2 (1 mg each) were treated with 2 M HCl in 1,4-dioxane/water (1:1, v/v, 2 mL) at 80 C for 3 h. After cooling, the solvent was removed with a stream of N 2 . The dry residue was suspended in water and aglycones were extracted with ethyl acetate (3 Â 2 mL). The aqueous layer containing sugars was neutralized with Amberlite IRA-400 (OH À form), dried under N 2 and stored prior to analysis.
Determination of absolute configuration of monosaccharides
The absolute configurations of monosaccharide constituents of compounds 1 and 2 were determined according to the method reported by Tanaka et al. (2007) with the modifications described previously by us (Pérez et al., 2014) . The derivatives of D-glucuronic acid, D-galactose and L-rhamnose in compound 1 and D-glucuronic acid and D-galactose in compound 2 were identified by comparison of their retention times (Rt) with those of authentic sugars (SigmaAldrich, Steinheim, Germany) treated in the same way as samples (Rt: D-glucuronic acid 10.26 min, L-glucuronic acid 10.14 min, Dgalactose 9.94 min, L-galactose 10.03 min, L-rhamnose 11.39 min, Drhamnose 9.80 min).
Phytotoxicity bioassay
Phytotoxicity bioassay with the monocot Allium cepa L. (onion) and dicots Lycopersicum esculentum Will. (tomato), Lepidium sativum L. (cress) and Lactuca sativa L. (lettuce) as Standard Target Species (STS) was conducted under the conditions reported in our previous work (Pérez et al., 2013a) . The compounds were assayed at concentrations of 333, 100, 33, 10, 3.3 and 1 mM. Control samples (buffered aqueous solutions without any test compound) and the commercial herbicide Logran 1 , a combination of N-(1,1-dimethylethyl)-N 0 -ethyl-6-(methylthio)-1,3,5-triazine-2,4-diamine (Terbutryn, 59.4%) and 2-(2-chloroethoxy)-N-{[(4-methoxy-6-methyl-1,3,5-triazin-2yl) amino]carbonyl}benzene-sulfonamide (Triasulfuron, 0.6%), were used as internal references (Macías et al., 2000) and were tested under the same conditions as samples. The evaluated parameters (germination rate, root length and shoot length) were recorded using a Fitomed 1 system (Castellano et al., 2001 ), which allowed automatic data acquisition and statistical analysis using its associated software. Data were analyzed statistically using Welch's test, with significance fixed at 0.01 and 0.05. Results are presented as percentage differences from the control. Zero represents control, positive values represent stimulation, and negative values represent inhibition. The concentration that resulted in a 50% inhibition (IC 50 values) was calculated from the dose-response curve.
